Research background and hypothesis. Rowing and canoeing-kayaking are some of the leading sports in Lithuania, and athletes have achieved victories in European and world championships. In order to effectively manage the preparation of Lithuanian elite rowers, canoeists and kayakers, research in their nutrition status is important, relevant and necessary. Hypothesis: dietary intake of rowers and canoeists-kayakers comply with nutrition requirements.
INTRODUCTION

P
roper and balanced diet leads to athletes' improved health and physical working capacity indicators, helps to reduce violations of the body resulting from the intense and long-lasting physical loads. Sports nutrition characteristics depend on the physical load, workout mode leading to completely different needs of athlete's body for nutrients compared to the population of non-athletes. Rowing sport in Lithuania has very deep and long-standing traditions; rowers have achieved major victories. Today rowing is one of the leading Lithuanian sports and athletes in this sport win awards at European and world championships, so it is very important to improve planning and management of the preparation of elite rowers as well as highlight not only the main features of rowers who have close links with the main sports results of the covered distance, but also their nutrition characteristics. In other countries and in Lithuania nutrition of elite rowers, canoeists and kayakers has not been much researched. In order to effectively manage the preparation of Lithuanian elite rowers, canoeists and kayakers, research in their nutrition status is important, relevant and necessary. The aim of the present research was to assess nutrition status, physical development and the interactions between them for Lithuanian Olympic team rowers, canoeists and kayakers.
RESEARCH METHODS
Participants.
Research on the nutrition status was carried out in the preparatory competition period in 2012. The sample included 18.2 ± 2.3-year-old rowers (n = 24) and 21.5 ± 5.2-year-old canoeists-kayakers (n = 12). The subjects trained six times a week, 175.3 ± 45.9 min a day. Their sports experience was 7.1 ± 4.1 years. They were athletes included in the approved lists of perspective candidates for the Lithuanian Olympic team, preparing for the Olympic Games (Table 1) .
Anthropometric measures.
Athletes' height was measured applying electronic scales at the Lithuanian Sport Medicine Centre. Body composition analysis of athletes was performed at the Lithuanian Olympic Sports Centre using Body Composition Analyser X-SCAN using multifrequency bioelectrical impedance analysis (BIA) method (American College of Sports Medicine, 2009 ) applied in research with athletes. We also established athletes' body weight (BW) (kg), fatfree mass (FFM) (kg and %), protein mass (PM) (kg and %), body minerals (M) (kg and %) and body fat (BF) (kg and %), as well as body mass index (BMI) (The World Health Report, 2002) and muscle and fat mass index (MFMI) (Skernevičius et al., 2004) .
Physical activity level. To estimate total energy expenditure and basal metabolic rate we used Harris-Benedict equation (Haris, Benedict, 1919) . To estimate exercise energy expenditure we used metabolic equivalents records over a 24-hour period (Ainsworth et al., 2011) . 24-hour records of physical activity were collected on the same day participants recorded their dietary intakes to estimate physical activity level during a period of active training.
Dietary intake. Nutrition status of athletes in the Lithuanian Olympic Team was assessed using the food recall method. Respondents were interviewed by a trained interviewer in the course of direct interviews at the Lithuanian Olympic Sports Centre. We recorded the data for each athlete's consumed food and dishes. Dietary recall was investigated using special Atlas of Foodstuffs and Dishes Sizes where portions of different foods and meals evaluated in grams were presented in order to record all consumed food and dishes as well as their amounts. In addition, food supplements (carbohydrates, amino acids, vitamins, minerals, multivitamin, omega-FA (fatty acids), L-carnitine, herbal, caffeine, creatine) as well as their usage peculiarities were assessed, but their chemical composition was not included in the chemical composition of the diet.
In accordance with the tables of food composition, we calculated the chemical composition of athletes' diet (Sučilienė, Abaravičius, 2002 
RESEARCH RESULTS
Physical development. The analysis of the physical condition of the Lithuanian Olympic team rowers, canoeists and kayakers (Table 2) showed that BW, LBM, MM, FM, PM, M and MFMI of male and female athletes in different branches of sport did not differ. The only established difference was in athletes' BMI. Excessive BMI indicating overweight (25.8 ± 1.9 kg/m 2 ) was typical of male canoeists and kayakers. BMI of male rowers (23.9 ± 1.9 kg/m 2 ) was significantly lower than the one of male canoeists and kayakers (p = 0.032), and it was regarded as normal. Women athletes' BMI in both sports was within the normal range.
MFMI was assessed in order to objectively evaluate if the physical condition of the athletes met the requirements for high performance athletes. It was found that MFMI of male canoeists-kayakers and rowers, respectively equal to 4.3 ± 1.4 and 3.9 ± 1.0, did not differ (p = 0.393), and was regarded as average (average MFMI for men is 3.4-4.69). Meanwhile, MFMI of female athletes in kayakcanoe and rowing sport, respectively 2.9 ± 0.5 and 3.1 ± 0.7, did not differ (p = 0.640) and also was medium (average MFMI of women is 2.9-3.99). Evaluation of athletes' fat mass revealed the differences by gender. Irrespective of the sports branch, women athletes' fat mass was seen as optimal, and for male athletes it was too big and seen as only acceptable ( Table 2) .
The evaluation of the relationship of BMI with the PM and the FM for male and female athletes showed that higher body mass of men and higher BMI were related to both higher muscle mass (r = 0.634, p < 0.001) and higher fat mass (r = 0.559, p = 0.002). Meanwhile, for women athletes the higher BMI had a strong connection to the fat mass (r = 0.961, p < 0.001), but there were no links with muscle mass (r = 0.131, p = 0.131) (Figure 1 ). It can be concluded that men athletes have a tendency to increase the total body mass at the expense of muscle and fat mass and their MFMI is below high levels only when they have excessive fat mass. Meanwhile, for women athletes, the average MFMI is determined by low muscle mass.
Dietary intake. The analysis of athletes' food rations showed that regardless of the branch of sport and gender, kayakers-canoeists and rowers do not cover their daily estimated energy expenditure with the food they eat (Table 3) . Table 4 gives the results of athletes' food recall. The evaluation of athletes' consumed macronutrient amounts revealed that fat intake exceeded the recommended norms (fat supply energy value ranged from 35 to 42%) among all the tested athletes. The analysis of the fat qualitative value of athletes' food rations showed that athletes Daily energy intake vs. energy expenditure
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Male (n = 7) Female (n = 5) Male (n = 21) Female (n = 3) consumed more than recommended saturated FA, cholesterol and not enough omega-3 FA. Following the recommendations athletes consumed polyunsaturated FA and omega-6 FA.
During long-term and intense physical loads, aerobic reactions in athlete's body become important when the energy is produced from carbohydrates. For this reason, elite athletes have to intake the recommended amount of carbohydrates with food equal to 7-10 kg/body weight. Our research results showed that regardless of gender, rowers as well as canoeists-kayakers reported low dietary intake of carbohydrates, far below the recommended amounts of carbohydrates. This was confirmed by male and female kayakers-canoeists' carbohydrate content which was respectively equal to 4.0 ± 1.2 g/kg body weight and 4.4 ± 0.5 g/kg body weight. Similar quantities of carbohydrates were consumed by rowers. Male and female rowers' diets included carbohydrates amounting to 4.6 ± 1.3 g/kg body weight and 4.6 ± 0.8 g/kg body weight (Table 4) .
Dietary fibre which does not provide energy is also important in athlete nutrition. Recommended dietary fibre intake is 14 g per 1000 kcal. After analysing the food recall records of athletes we found that the athletes' average intake of dietary fibre was less than 9 g/1000 kcal and it was below the recommended norm (Table 4) .
In order to maintain a positive protein balance in the body, athletes are recommended to consume a sufficient amount of proteins. It was found that the average consumption of proteins among men and women kayakers-canoeists was respectively equal to 2.0 ± 0.9 g/kg body weight and 1.4 ± 0.1 g/kg body weight, which does not meet the guidelines: men consumed too much and womentoo little proteins. Meanwhile, rowers irrespective of gender consumed proteins more rationally. Consumption of proteins for rowers, both men and women, was respectively 1.6 ± 0.4 g/kg body weight and 1.4 ± 0.2 g/kg body weight, which is the recommended amount. Additional assessment of the athletes' qualitative intake of proteins showed that regardless of the branch of sport and gender, SFA, % 12.1 ± 4.1 12.0 ± 1.0 < 10 % 15.5 ± 4.9 12.9 ± 0.8 < 10%
PUFA, % 10.9 ± 5.5 6.9 ± 1.1 6-10 % 6.6 ± 2.7 6.4 ± 1.1 6-10%
Omega-3 FA, % 0.6 ± 0.4 0.3 ± 0.1 1-2 % 0.4 ± 0.1 0.4 ± 0.2 1-2%
Omega-6 FA, % 9.9 ± 5.2 6.3 ± 1.0 6-10 % 6.0 ± 2.5 5.7 ± 0.9 6-10%
Cholesterol, mg 1155.7 ± 468.4 620.0 ± 155.6 £ 500 1083 ± 494.6 780.7 ± 295.8 £ 500
Note. Values are expressed as mean ± SD; LBM -Lean Body Mass; BW -Body Weight; CHO -carbohydrate; PRO -protein; EAA -Essential Amino Acids; Val -Valine; Izole -Izoleucine; Leu -Leucine; BCAA -Branch Chain Amino Acids; FAT -Fat; FA -Fatty Acids; SFA -Saturated Fatty Acids; PUFA -Polyunsaturated Fatty Acids.
the tested athletes consumed essential amino acids (EEA), including branch chain amino acids (BCAA) (valine, leucine and isoleucine) in excess of the recommended quantities (Table 4) . Athletes' body supply of micronutrient status is indicated in Figures 2 and 3 . Athletes consumed more of almost all of the vitamins and minerals than it was recommended. However, regardless of the sport, athletes consumed insufficient amounts of vitamin D. Kayakers-canoeists' diets included 4.5 ± 2.3 mg of vitamin D, rowers' diets -3.4 ± 2.3 mg, which made 47-69% of RDI. Moreover, kayakerscanoeists' diets lacked folic acid and manganese. Female athletes consumed insufficient amounts of folic acid (219.8 ± 29.4 μg/94% of RDI), and male athletes -manganese (4.2 ± 1.5 mg/84% of RDI).
Food supplementation. Dietary supplements were reported to have been used by 92% of the Lithuanian Olympic team rowers and kayakerscanoeists. Even 60% of the athletes took food supplements 7-12 months per year, and 32% -1-6 months per year. Most often athletes used food supplements containing carbohydrates (73.9%), amino acids (73.9%), minerals (73.9%), vitamins (65.2%), and multivitamins (65.2%). Fewer (35.0%) athletes took omega fatty acids, creatine and herbal supplements. Least often athletes used L-carnitine (13.0%) and caffeine (8.7%) supplements. Analysing the use of food supplements in the aspect of the branch sport we found that the kayakers-canoeists compared with rowers more often used creatine and caffeine (p = 0.002, p = 0.040). Creatine and caffeine were used by respectively 100 and 40% of kayakers and canoeists. Meanwhile, the rowers did not consume caffeine at all, and they made only 16.7% of creatine users. Moreover, we found that the use of dietary supplements among athletes for men and women was almost identical, except for the fact that women athletes (100%) more often than men athletes (25%) used herbal supplements (p = 0.032).
Links between dietary intake and body composition. The analysis of the links between dietary intake and athletes' body composition showed that higher fat mass was not related to athletes' higher fat mass (r = 0.164, p = 0.339) because the energy intake from food of the tested athletes was less than the energy expenditure.
Muscle mass of both male kayakers-canoeists and rowers was well-developed. Meanwhile, the women athletes' muscle mass was too low and was associated with poorer physical condition compared to male athletes. The assessment of links between the dietary intake and the muscle mass revealed that the increased muscle mass of the Lithuanian elite kayakers-canoeists and rowers was developed 
DISCUSSION
Aiming at achieving good results in sport, athletes' physical development, which meets the optimal requirements for elite athlete, is of great importance, and it is based on the ratio of body weight and the individual components of body weight, muscle and fat mass (MFMI). Our research results revealed differences of athletes in the aspect of gender. Too low MFMI of male athletes was determined by a relatively high fat content, and too low MFMI of female athletes was associated with too little muscle mass. It can be argued that regardless of gender, physical development of kayakers-canoeists and rowers does not completely meet the requirements of medium MFMI.
After the evaluation of athletes' diets it appeared that energy value (EI) of kayakerscanoeists and rowers dietary did not cover the full expenditure of energy. A negative EI/EER ratio was established, which could due to the fact that athletes in the dietary intake survey did not fully indicate their food and dishes, and the physical activity coefficient was estimated with errors, the chemical composition data of the dietary intake were collected of only day, the chemical composition of food intake did not include the chemical composition of food supplements. It is obvious that carbohydrates and protein food supplementation helps to maintain the optimal EI/EER ratio which provides energy. We found that 73.9% of athletes used carbohydrate supplements, and 73.9% -protein food supplements.
Rowers and canoeists-kayakers demonstrated significant biochemical changes in the body associated with characteristic energy metabolism. The main source of energy in long-term or intense physical training is carbohydrates. As a result, rowers are recommended a daily intake of sufficient amount of carbohydrates equal to 7-10 g/kg body weight (Burke, 2010) . Taking into consideration the Lithuanian Olympic team rowers' diets, we found that elite rowers and canoeists-kayakers representing Lithuania consumed too little carbohydrates and too much fat. Carbohydrate intake of our tested rowers is similar only to the previously tested athletes' intake which is less than the recommended amount of carbohydrates in Lithuania (Pečiukonienė et al., 2007) , Poland (Łagowska, Jeszka, 2011) and Portugal (Teixeira et al., 2009) . It is contrary to the Greek (Hassapidou, 2001 ), Spanish (Garcia-Rove et al., 2000 , Australian (Hill, Davies, 2002) , the USA (Edwards et al., 2011) , New Zealand (Bond et al., 2012) athletes who use more carbohydrates (5.9-7.5 g/kg body weight).
Intake of fat exceeding the recommended amount, when the fat supply is 35-45% of the energy value, is typical of our athletes studied. Excess fat intake (fat supply accounts for 37-40% of the energy value) was found only in Spain and earlier in Lithuania investigating the diets of kayakers-canoeists (Garciá-Rovés et al., 2000; Pečiuokonienė et al., 2007; Baranauskas et al., 2009 ). According to other authors, most of the kayakerscanoeists consume the recommended amount of fat (the fat supply accounts for the energy value of 26-33%) (Garciá-Rovés et al., 2000; Hassapidou, 2001; Teixeira et al., 2009; Łagowska, Jeszka, 2011; Edwards et al., 2011; Bond et al., 2012) .
It is important for athletes to consume the recommended amount of proteins. Kayakerscanoeists training their aerobic and anaerobic fitness are recommended an intake of proteins of 1.6-1.8 g/kg body weight, and rowers developing their aerobic fitness -1.4-1.6 g/kg body weight (Kreider et al., 2010) . Rowers and kayakerscanoeists in other countries consume more proteins than it is recommended, and more than our tested athletes.
Among the foreign rowers, the protein intake is generally 2.2-3.4 g/kg body weight (Hassapidou 2001; Edwards et al., 2011) , and for kayakerscanoeists -2.0-2.0 g/kg body weight (GarciaRoves et al., 2000; Teixeira et al., 2009; Bond et al., 2012) . Our obtained results showed that only kayakers-canoeists used proteins following the recommendations. On the other hand, women rowers consumed too little proteins, and men rowers -too much. Their intake of protein was 2.0 ± 0.9 g/kg body weight. The protein intake is recommended to enhance the muscle mass of athletes with the help of special training (Kreider et al., 2010) . In Lithuania, for rowers it is important not only endurance training in the aerobic training zone, but also anaerobic alactic endurance and maximum glycolytic capacity building requiring sufficiently well-developed muscle mass (Balčiūnas, 2011) . Research has shown that the specific muscle mass development is one of the factors that determine better sports results for rowers (Petkus et al., 2009) .
Increasing muscle mass depends on the targeted physical activity and nutrition. Food must contain sufficient energy value, adequate protein and EAA (Philips, 2013) . This relates to our data demonstrating that Lithuanian elite kayakerscanoeists and rowers developed their increased muscle mass consuming food with higher energy value, more fat, proteins, EAA, B vitamins (B 1 , B 6 , and folic acid) and magnesium. It was observed that athletes, particularly men, developed large muscle mass using adequate amounts of proteins, but minimum amounts of carbohydrates. Our results agree with other research evidence that protein and EAA stimulates protein synthesis independently of carbohydrate consumption (Philips, 2013) . However, rowing is an endurance sport that requires an adequate carbohydrate intake. Rowers' very low carbohydrate intake slows down their adaptation to endurance physical loads (Hawley et al., 2011) , possibly weakens their immune system (Gleeson et al., 2004) , and they soon start to feel fatigue during training sessions (Jeukendrup, 2011) . In addition, elite rowers train every day for 3-4 hours per day and carry out physical loads in high intensity training zone, so low carbohydrate intake, not fully restored glycogen stores in the muscles between practice sessions require larger efforts of the central nervous system to deal with physical loads and it is a risk factor of overtraining (Petibois et al., 2003) .
Summing up, it can be argued that the dietary intake of the Lithuanian Olympic team rowers and kayakers-canoeists diet does not meet nutritional requirements of athletes. Diets of high performance kayakers-canoeists and rowers must be optimized, adjusted and individualized.
CONCLUSIONS AND PERSPECTIVES
1. Nutrition status of kayakers-canoeists and rowers does not meet the requirements: the energy intake of food does not cover the energy expenditure, the diet lacks carbohydrates, dietary fibre, omega-3 fatty acids, vitamin D, there is too much fat, saturated fatty acids and cholesterol. Female athletes' diets do not contain enough folic acid, and male athletes' diets -manganese.
2. Basic food supplements taken by kayakerscanoeists and rowers contain carbohydrates, amino acids, minerals, vitamins and multivitamins. Less commonly used dietary supplements are omega-fatty acids, creatine, caffeine and herbal supplements. Food supplementation is determined by athletes' branch of sport and gender. Kayakerscanoeists compared with rowers more often use creatine and caffeine, and female athletes compared with males more often use herbal supplements.
3. Physical development of kayakers-canoeists and rowers does not fully comply with the requirements due to medium MFMI. Regardless of the developed muscle mass, too low MFMI of male athletes is determined by relatively high fat mass. Too low MFMI of female athletes is associated with small muscle mass.
4. Better physical development of male kayakers-canoeists and rowers is linked to higher muscle mass. Athletes develop their muscle mass purposefully on their own, consuming food high in fat and protein, essential amino acids, B vitamins (B 1 , B 6 , B 9 ) and magnesium. Diets of high performance kayakers-canoeists and rowers must be optimized, adjusted and individualized. In order to improve athletes' physical development and stimulate maximal adaptation of the body to physical loads during special training highprotein diet is recommended cutting down fat intake and doubling the carbohydrate intake.
